The aim of the study was to investigate the clinical safety and effectiveness of starting insulin aspart (aspart) therapy in people with type 2 diabetes mellitus (T2DM) as a sub-analysis of the multinational, noninterventional A1chieve study.
INTRODUCTION
The progressive nature of type 2 diabetes mellitus (T2DM) necessitates that medications are continually optimized to achieve and maintain recommended or individualized metabolic goals [1, 2] . In time, insulin therapy is almost inevitably required as islet B cell function declines, and with time, insulin regimens have to be further optimized to maintain control to target. However, in some people, overly rigorous intensification of blood glucose control can impair a person's health by leading to increased risk of hypoglycemia [3] . This gives rise to challenges in identifying and implementing suitable insulin regimens for individuals in clinical practice.
Information to assist such decision making can come not only from randomized clinical trials (RCTs), but also from non-interventional studies that allow for selection of a larger, more representative heterogeneous patient population, also allowing collection of larger datasets of efficacy, safety, and tolerability outcomes.
Insulin aspart (aspart) is a rapid-acting mealtime insulin analogue studied in a number of RCTs [4, 5] . In several RCTs, meal-time insulin alone was started in people with T2DM, on occasion with optimization of therapy by later addition of a basal insulin [6] [7] [8] . It has been suggested that this is appropriate as the progression of insulin deficiency in T2DM follows from an initial insufficiency of postprandial glucose control [9] .
Postprandial hyperglycemia has been putatively linked to increased risks of macrovascular disease, diabetic retinopathy, and decreased myocardial blood volume and myocardial blood flow [10] [11] [12] [13] , and studies show aspart lowers postprandial plasma glucose (PPPG) levels to a greater extent than unmodified human insulin [14] . Insulin aspart is also available as a premix preparation (biphasic insulin aspart) and can be combined with a basal insulin in a mealtime ? basal insulin regimen. In the 4T (Treating to Target in Type 2 diabetes) study, blood glucose control and hypoglycemia at 3 years were comparable for basal insulin added to aspart, aspart added to biphasic insulin aspart, and aspart added to a basal insulin [7] . The A 1 chieve study [15] included people with T2DM on aspart, biphasic insulin aspart 30 (aspart premix), and insulin detemir in 28 countries in routine clinical practice, albeit for a shorter period of time. The present subgroup analysis was conducted to investigate the clinical safety, tolerability, and effectiveness of aspart therapy in a cohort of insulin-naïve and insulin-experienced patients starting aspart alone at baseline and continuing with aspart alone, switching to aspart premix, or adding a basal insulin during the study.
MATERIALS AND METHODS

Study Design
A 1 chieve was a multinational, 24-week, noninterventional study to assess the safety and sub-analysis was conducted in a cohort of previously insulin-naïve or insulin-experienced patients starting aspart therapy at baseline and then continuing on aspart alone, switching to aspart premix, or adding a basal insulin, at the discretion of their physicians, during the 24-week study period.
There were no pre-defined study procedures and the participating physicians were responsible for all aspects of the patient care, including the decision to appropriately modify therapies. Study insulins were commercially available and used as per routine clinical practice. Data for analysis were collected for pre-study, baseline (insulin day 1), interim visit (around 12 weeks from baseline), and final visit (around 24 weeks from baseline). The use of oral glucose-lowering drugs (OGLDs) was permitted throughout the study at the physicians' discretion.
Patients
Any participant who started therapy on aspart alone in the 4 weeks prior to baseline and continued using aspart alone, switched to aspart premix, or added a basal insulin by study end was eligible for this sub-analysis.
Women who were pregnant, breast-feeding, or had the intention of becoming pregnant were not included.
Compliance with ethics
This article does not contain any new studies with human or animal subjects performed by any of the authors. All participants provided signed informed consent and ethics committee approvals were obtained for each participating country.
Assessments and Outcomes
The primary outcome measure was the incidence of serious adverse drug reactions (SADRs), including major hypoglycemic events. Other secondary outcomes included the change from baseline to week 24 in HbA 1c , FPG, PPPG, systolic blood pressure, body weight, and lipid profile. Health-related quality of life (HRQoL) was assessed based on the change in visual analog scores (VAS) of the EQ-5D questionnaire [16] from baseline to week 24. Laboratory measurements were performed by local laboratories following local standardization and quality control procedures.
Statistical Analysis
Statistical analyses were performed for the groups that continued aspart alone, switched to aspart premix or added a basal insulin during the study. Continuous and discrete variables were summarized using descriptive statistics (mean, SD) and frequency tables (n,%), respectively. Two-sided tests at a pre-specified 5% significance level were used for all statistical analyses. The change from baseline to study end in the proportion of patients reporting at least one hypoglycemic event was analyzed using
McNemar's test. The change from baseline to study end for all other outcomes was analyzed using Student's paired t test. All data were analyzed by Novo Nordisk personnel using SAS Ò (Version 9.1.3, SAS, Cary, NC, USA). and are not discussed further as the number of patients was too low for statistical significance.
RESULTS
Baseline Characteristics and Glucose-Lowering Regimens
Baseline characteristics for the three groups analyzed are presented in Table 1 .
The majority of participants were on at least one OGLD at baseline with metformin and sulfonylureas being the most commonly used OGLDs in all groups ( reported in those continuing aspart alone, two (pyrexia and herpes zoster) in those changing to premix, and one (melaena) in those adding a basal insulin. All SAEs were considered unlikely to be related to the study drugs.
Hypoglycemia
Data for hypoglycemia in the 4 weeks prebaseline and pre-week 24 are presented in Table 3 . A statistically significant decrease in the From baseline to week 24, the proportion of patients reporting nocturnal hypoglycemia significantly decreased in the aspart alone group (5.4% versus 0.6%, p\0.001), and in the aspart ? basal insulin group (6.1% versus 0.9%, p = 0.005), but not in the aspart premix group (2.0% versus 1.4%, NS).
Blood Glucose Control
The mean HbA 1c level decreased similarly from baseline to week 24 in all three groups: from 9.4 ± 1.9% (79 ± 21 mmol/mol) to 7.3 ± 1.1% (56 ± 12 mmol/mol) in the aspart alone group; from 9.6 ± 1.7% (81 ± 19 mmol/mol) to 7.3 ± 0.9% (56 ± 10 mmol/mol) in the aspart premix group; and from 9.4 ± 2.0%
(79 ± 22 mmol/mol) to 7.4 ± 1.3% (57 ± 14 mmol/mol) in the aspart ? basal insulin group (all p\0.001, Table 4 ). At week 24, 36.5, 32.1, and 45.0% of participants in groups ending on aspart alone, aspart premix, and aspart ? basal insulin had HbA 1c levels \7.0% (\53 mmol/mol) compared to 8.6, 4.8, and 6.7% at baseline. The mean FPG and postbreakfast PPPG levels also decreased to a clinically and statistically significant extent in all three groups (all p\0.001, Table 4 ). (Table 5) improved to a similar extent in the three groups, but low ascertainment and thus small numbers meant that this was not confirmed statistically in the aspart ? basal insulin group except for total serum cholesterol.
There was no clinically or statistically significant change in body weight in the aspart alone and aspart premix groups, but a gain of 0.9 ± 3.5 kg by week 24 in the group adding basal insulin was statistically significant (p\0.001) ( Table 5 ).
Clinically and statistically significant decreases in systolic blood pressure levels were noted in all three groups by 24 weeks ( Table 5 ).
Quality of Life
The mean HRQoL improved from baseline to week 24 in all three groups as measured by the EQ-5D VAS score (aspart alone, 64.8 ± 16.7 to 79.2 ± 10.8 points; aspart premix, 61.5 ± 17.6
to 77.1 ± 10.8 points; and aspart ? basal Week 24 10.0 (3.1) 11.0 (3.7) 9.6 (3.3) Change -5.2 (4.5) -5.5 (4.2) -4.9 (4.9) p \0.001 \0.001 \0.001
Data are mean (SD), or as stated FPG fasting plasma glucose, HbA 1c glycated hemoglobin A 1c , PPPG postprandial plasma glucose intensification that allow coverage of both meal-time and basal insulin requirements [17, 18] . However, by study end a substantial proportion (47%) were still taking aspart alone, suggesting that these patients were then in satisfactory glucose control or were reluctant to further intensify their regimen. Clearly, the majority of study participants were initially seen as having a predominantly meal-time insulin requirement, given the small proportion of participants who subsequently added a basal insulin (7%) to the initial aspart regimen.
DISCUSSION
Baseline characteristics (age, body weight, and BMI) were broadly similar across the three groups, but A 1 chieve was not a randomized study, and it cannot be assumed that the populations were comparable in other ways.
Use of a multiple injection regimen (aspart ? basal) offers more opportunity for dose titration, and the higher insulin dose in this group reflects the high dose in the group on aspart ? basal insulin in the overall A 1 chieve cohort [15] . Such people are often judged as more insulin deficient, consistent with this group having modestly longer duration of diabetes from diagnosis (8.5 years) compared with those who continued aspart alone (7.4 years) or changed to aspart premix (6.5 years).
The statistically significant improvements in HbA 1c were consistent with those reported for the main study and were reported from meal-time aspart therapy alone [19] . Indeed, the improvements in FPG levels with aspart in routine clinical practice are better than found in RCTs [20] and, together with the improvements in systolic blood pressure, lipid profile and the lack of weight gain, led us to suggest that starting the insulin analogues in A 1 chieve may have also been an opportunity to improve lifestyle measures [15] . Such changes in lifestyle would be expected to minimize differences between the insulin regimens. Insulin aspart therapy was well tolerated with no SADRs reported in any group during the study, consistent with the large body of clinical experience gained in the past 10 years. Interestingly, there was a decrease from baseline to week 24 in the proportion of participants reporting both confirmed anytime and nocturnal hypoglycemia in the aspart alone group and the aspart ? basal group. The findings are consistent with those from the main study, from a sub-analysis of use of the aspart ? basal insulin regimen in older people [15, 21] . For the aspart premix group, data interpretation is complicated by a lower baseline rate of anytime hypoglycemia, although the 24-week rate is not notably different from the other two groups; however, the change was not statistically significant.
While reporting fatigue may have been an issue, or the state of the population in the 4 weeks to baseline, it is again possible that the opportunity of starting insulin aspart was used to enhance lifestyle management, including avoidance of hypoglycemia.
It is encouraging that HRQoL was found to rise in all three groups from baseline to 24 weeks. All three groups used multiple injections, so it seems clear that this did not subtract significantly from the gains that would be associated with the marked improvement of blood glucose control. Gains in HRQoL have been noted in RCTs even where multiple injections were used [22] . Again, however, it is also possible that the circumstance in which the participants in A 1 chieve started insulin may have resulted in other enhancements of clinical care and that these and the lifestyle changes combined to enhance life quality. The statistically significant improvements seen in the lipid profile in the aspart alone and aspart premix groups, and in total cholesterol in the aspart ? basal insulin group may also have contributed to the improved HRQoL at week 24.
Limitations of the A 1 chieve study included the lack of randomization, which may mean that different results in different populations merely reflect different clinical habits or population phenotypes. However, the results here are strikingly similar among the three defined study groups, and the changes within each group sufficiently notable to be of interest without comparison between groups. As this was a non-interventional study, nonstandardization of study procedures across sites and regions may also be a factor. Other useful information would have been dietary and exercise changes, circumstances of starting the insulin analog (e.g., in-patient care, referral to a specialist), and non-diabetes-related medications. These, as discussed above, limit data interpretation. Collection of hypoglycemia data based on the patient's recall of hypoglycemic events may have been problematic, particularly in regard of baseline, though if anything the results are seemingly high for that observational point. However, this large, non-interventional study did provide an opportunity to investigate treatment outcomes related to the use of different regimens of aspart therapy in around 3,000 people in routine care in countries with either a lower resource base or recent economic evolution.
CONCLUSION
In conclusion, insulin aspart therapy was observed to be well tolerated and efficacious in routine clinical practice in people with T2DM, whether administered as meal-time injections only, as the biphasic formulation, or in combination with a basal insulin.
